A method is described for inserting grafts on carrier rings in the aortic area when conditions for free grafting are not applicable, namely, dilated aortic root and friable aortic wall. In addition these grafts are suitable for use in the atrio-ventricular position. The results of 11 cases are presented; one early post-operative death occurred, the follow-up period being 3 to 6 months.
Following pioneer work in both man and animals (Lam, Aram, and Munnell, 1952; Murray, 1956 Murray, , 1960 Beall, Morris, Cooley, and DeBakey, 1961; Kerwin, Lenkei, and Wilson, 1962; Bigelow, Yao, Aldridge, Heimbecker, and Murray, 1964) , the use of free aortic homografts in the subcoronary position has become established practice (Duran and Gunning, 1962; Ross, 1962 Ross, , 1964 Ross, , 1966 Barratt-Boyes, 1964 Barratt-Boyes, Lowe, Cole, and Kelly, 1965; Davies, Lessof, Roberts, and Ross, 1965; Paneth and O'Brien, 1966) .
The advantag_s of free homografts compared with mechanical prostheses are now well known. The main disadvantages of free aortic homografts are:
(1) Procurement is difficult.
(2) In a dilated aortic root the maximum obtainable graft may be too small to permit insertion without producing incompetence.
(3) Progressive dilatation of the aortic root is likely to produce increasing incompetence of the cusps due to dilatation of the mobile valve ring, e.g., Marfan's syndrome (Ross, 1966) .
(4) Distortion of the aortic wall, particularly by calcification, makes insertion of the free homograft difficult (Ross, 1966) .
(5) Free homografts are unsuitable in the atrioventricular position.
(6) The long-term fate is uncertain, with particular concern about late calcification and fibrous thickening of the valve cusps (Ross, 1967; Hudson, 1966;  Smith, 1967; Duran, Manley, and Gunning, 1965; Brock, 1968) .
Various attempts have been made to overcome some of these difficulties, including (a) free het_ro-grafts; (b) autografting of the pulmonary valve; and (c) grafts on carrier rings.
(a) Immunological reactions to homografts were significantly absent (Davies et al., 1965) , and this encouraged the use of heterografts which are freely available and offer a wide range of valve sizes. Experience with free heterografts is now considerable in man and animals; and if a sterilized, non-viable heterograft is used there appears to be no significant immunological response (Duran and Gunning, 1965; Binet, Duran, Carpentier, and Langlois, 1965; O'Brien and Gerbode, 1964; O'Brien and Clarebrough, 1966; O'Brien, 1967; O'Brien, Clarebrough, McDonald, Hale, Bray, and Cade, 1967 (Brock, 1968) . But viable heterografts, unlike viable homografts, excite a significant immunological response (Pritchard, Wright, and Johnston, 1967; Paton, Kwong, Clark, Halseth, and Hill, 1967) , making them unsuitable for clinical use unless immunosuppression, with all its complications, be con-621 sidered . Unfortunately, the use of free heterografts overcomes only disadvantages (1) and (2) listed above.
(b) In an attempt to improve long-term fate, Ross (1967) used viable autogenous pulmonary valve grafts in the aortic position, and replaced the excised pulmonary valve with a homograft aortic valve. In this position the dead homograft is not subjected to pressures at systemic levels and is likely to have an improved long-term prognosis. Nevertheless, disadvantages (1) to (5) still remain.
(c) Homografts on non-thrombogenic carrier rings were first tried experimentally in animals in the mitral position (Weldon, Mel Ameli, Morovati, and Shaker, 1966) and repeated in the mitral and tricuspid areas (Braunwald, Fuchs, and Bonchek, 1967, 1968) . Braunwald et al. (1967) suggested that these preparations might be suitable for use in the aortic area, and this was first reported in animals by Geha, Titus, and McGoon (1967) . The advantages suggested were ease of insertion, use in large aortic roots too large for free homografts, and prevention of incompetence due to dilatation of the root, thus overcoming disadvantages (2) to (5). It seemed reasonable, therefore, to use this type of preparation in the aortic area in man.
The following is a report of our early experience of the clinical use of this type of preparation.
METHOD OF PREPARATION
Homograft aortic valves were collected from donors aged between 10 and 60 years, and, if free from calcification and atheroma, were accepted for use. Aortic heterografts were collected daily at the local abattoir from pigs weighing 150-250 lb. (68-113 kg.) . All grafts were subjected to pressure testing and accepted if competent at a back pressure of 120 mm. Hg. Internal and external diameters were measured with an obturator for the internal diameter and a calliper for the external diameter.
All valves were chemically sterilized with 1% beta-propiolactone at 37' C. for two hours, and, following bacteriological aerobic and anaerobic sterility tests, were snap frozen at -80°C., freezedried, and stored in the Regional Tissue Bank (Rains, Crawford, Sharpe, Shrewsbury, and Barson, 1956) . There is at present uncertainty about the best method of sterilization and preservation of valve graft material. We used this method for our valve preparation because it had been used for many years, and found to be satisfactory, for the preparation of arterial grafts in our Regional Tissue Bank.
When required for suturing, the graft was aseptically reconstituted in sterile physiological saline to which had been added 100 units/ml. penicillin and streptomycin, and 50 units/ml. heparin. Reconstitution was carried out several hours before suturing to the carrier ring to allow the graft to return to its original texture.
The aortic carrier ring consists of an inner titanium frame ( Fig. I ) completely covered with 75 denier Dacron (Fig. 2) .
Suture of the graft to the ring was carried out aseptically, in the theatre suite, the ring first being sterilized by autoclaving. The internal and external diameters of the ring were measured and recorded, using sterilized callipers. A reconstituted valve of external diameter equal to the internal diameter of the ring was then selected. The graft was first trimmed, following the commissure down around the attached margin of the cusp, retaining a small margin for insertion of sutures, leaving the lower margin below the cusps intact. The graft was then inserted inside the ring, and the upper edge was sutured to the upper edge of the ring. The redundant lower margin of the graft was afterwards trimmed to fit the lower margin of the ring, and was finally sutured to the Grade IV-Congestive heart failure, paroxysmal nocturnal dyspnoea, orthopnoea, or angina decubitus.
Three patients had grade III symptoms; all three were cases of dominant aortic incompetence. The remaining eight patients had grade IV symptoms.
An electrocardiogram showed LV + + + (LV + + + = T inversion and ST depression in left ventricle leads) in all the aortic valve replacement cases except one-the acutely ruptured valve due to subacute bacterial endocarditis. Eight patients were in sinus rhythm, of whom two had first degree heart block; three others had atrial fibrillation.
The cardiothoracic ratio was greater than 1:2 in all cases.
Respiratory and renal function tests were performed in most cases (Table I) .
Liver-function tests and bromsulphalein excretion were performed; bilirubin was 1-2 mg. /100 ml. in OPERATIVE DETAILS A median sternotomy incision was used in all cases of aortic and of combined aortic and mitral replacements. Pre-perfusion pressures were first recorded, and perfusion was started with the Pemco oxygenator, using total body perfusion. Both coronary arteries were cannulated and perfused through a transverse aortotomy incision. The aortic valve was excised at the cusp attachment and the root measured with an obturator. A prosthesis of the same external diameter was selected and sutured into the aortic site with interrupted mattress sutures through the aortic wall and the outside of the valve ring, as shown in Figures 4 and 5 . The prosthesis was then pushed into position, and the sutures were tied. Finally, post-perfusion pressures were measured.
Nine aortic valve replacements were performed, one with an associated mitral and tricuspid valvotomy, and another with a closed mitral valvotomy. Two patients had both aortic and mitral valves replaced.
The internal and external diameters of the prosthesis were measured, as were pre-and post-operative pressures. Pressures were measured immediately before perfusion in nine of the 11 patients. The pressures of a further one were known pre-operatively and are listed in Table II was a 16 mm. graft. Three patients had no gradient (15 mm., 16 mm., and 18 mm. grafts). One patient (case 2) had a gradient of 40-50 mm. Hg across the aortic valve; this was the smallest graft used, measuring only 13 mm. It should be noted that this patient also had significant subvalvular muscular hypertrophy, as did one patient with a gradient of 10 mm. Hg (case 4). All cases of aortic incompetence showed significant improvement of diastolic blood pressure, varying from an increase of 20 mm. Hg to one of 80 mm. Hg (Table II) .
All aortic replacements had an ejection systolic murmur over the aortic area. No aortic diastolic murmur was audible in seven cases. Four patients had aortic diastolic murmurs which were thought not to be haemodynamically important at present. Both patients with mitral replacements had a systolic murmur in the mitral area which was thought to be a conducted aortic murmur.
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Case 2, who died on the fifth post-operative day, had an aortic heterograft replacement with an internal diameter of only 13 mm. and a postoperative gradient of 40-50 mm. Hg. At operation it had been noted that severe muscular hypertrophy of the outflow tract of the left ventricle was present. This patient subsequently died in pulmonary oedema associated with left ventricular failure thought to be due to combined subvalvular muscular stenosis plus stenosis of the aortic valve resulting from insertion of too small a graft.
DISCUSSION
This report deals with 11 consecutive valve replacements (grafts on carrier rings), in which only one post-operative death occurred, thus showing the general practicability of the operation.
All aortic replacements had an ejection systolic murmur post-operatively, a feature noted with free homografts (Davies et al., 1965; BarrattBoyes et al., 1965) . Of the nine patients in whom post-operative pressures were measured, three had no post-operative gradient (internal diameters 15 mm., 16 mm., and 18 mm.) and five had an insignificant gradient of 10 mm. Hg or less (three of the five were internal diameters 14 mm., 15 mm., and 16 mm.). The only significant gradient occurred with the smallest graft used (case 2), 13 mm. internal diameter. Thus it would appear, in general, that 14 mm. to 15 mm. is the minimum internal diameter that will suffice.
No aortic diastolic murmur was audible in seven cases, while four patients had aortic diastolic murmurs which were thought not to be haemodynamically important at present. A significant improvement of diastolic blood pressure was se.n in all cases of pre-operative aortic incompetence, the patients with post-operative diastolic murmurs having a satisfactory diastolic blood pressure ranging from 70 mm. to 80 mm.
Hg. One feature of free aortic homografts has been the high incidence of post-operative diastolic murmurs. Barratt-Boyes (1965) quoted 52% incidence, of which only 14% were more than trivial. Ross (1967) has reduced the incidence of regurgitant murmurs to 24%, in which haemodynamically significant incompetence is unusual. BarrattBoyes classified four causes of post-operative aortic incompetence:
(1) Imperfect cusp approximation due to twisting of the graft at the time of operation-this type of murmur usually disappears.
(2) Graft detachment at the suture line, giving a peripheral leak.
(3) The homograft is too small for the host, so that the cusps do not meet and a central leak occurs.
(4) Cusp failure occurring late after operation. We feel that our type of preparation avoids the first complication, as the graft is inserted accurately on to the ring pre-operatively. Central leak is eliminated because the additional bulk of the ring precludes the necessity for stretching the graft to fit larger aortic roots. In addition, more accurate apposition of the cusps may delay the incidence of late cusp failure. Late failure due to calcification may be related to turbulent flow (Ross, 1967) , and the more accurate approximation of cusps made possible by the present method may reduce the turbulence and hence, possibly, late calcification.
We have considered the possible advantages of mounting a homograft on a Dacron ring, but a number of possible disadvantages must now be considered. These include (a) the possibility of infection, (b) incorporation into host tissues, and (c) the effect on the long-term fate of the cusps.
(a) An intracardiac rigid metal frame produces an area of turbulence which in the presence of an inert cloth produces an environment predisposing to infection (Barney, Williams, Cayler, and Bracken, 1962; Amoury, Bowman, and Malm, 1966 (Geha et al., 1967) .
(c) It is impossible from our short follow-up to state with any certainty the effect of the Dacron ring on the long-term fate of the cusps, but it seems unlikely that the presence of an inert barrier would adversely affect the long-term fate of the dead avascular valve cusps.
We believe our method offers a satisfactory alternative for replacing the aortic valve when conditions for inserting a free homograft are not applicable-namely, detailed aortic root, friable aortic wall, and for use in the atrio-ventricular position in multi-valve surgery.
We think that if insertion of a prosthesis with an internal diameter of less than 15 mm. is contemplated, a free homograft is more advisable, as post-operative gradients may appear. With the present valve there is a loss of 8-10 mm. across the diameter of the prosthesis owing to the bulk of the ring. Further work is proceeding with a new valve to reduce the loss in diameter to only 5 mm. 
